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Chapter 1:Effects of habitat filtering and negative density dependence on community
dynamicsin a tropical rainforest

While numerous hypotheses have been proposed to explain patterns of diversity in plant
communities, less is known about their relative contributions to community assembly and
dynamics. I hypothesized that tree survival rate showed bell-shaped response to local conspecific
density, because they suffer stronger effect of habitat filtering (HF) when they are rare and
stronger effect of negative density dependence (NDD) when they are abundant in local
communities. I tested this hypothesis by using individual-level regression of 618 tree species in
the 52-ha Lambir Forest Dynamics Plot (FDP; Lambir Hills National Park, Sarawak,
Malaysia).Combined all species, I found a significant negative quadratic relationship between
survival rates and both local conspecific and heterospecific density. Negative conspecific density
effect works on 87% of individuals in the FDP, and the rest of individuals showed positive
density effects of conspecific density. On the other hand, positive hetero specific density effect
works on 99% of individuals in the FDP. When I distinguishedtwo types of survival rates
response of each species based on the median of conspecific density and peak: HF species (the
median of conspecific density is smaller than the conspecific density of the peak) and NDD
species (the median of conspecific density is larger than the conspecific density of the peak),
NDD species had significnalty larger species abundance at the 52-ha scale. Theses results
suggest that HF control survival rates more broadly than NDD dose in the FDP. However, this
does not mean NDD is less important than HF in structuring a community. As NDD works on
individuals with high conspecific density and abundant species in the FDP, my results highlight

the role of NDD in maintaining the diversity of species-rich tropical forest.

Chapter 2:Soil resource availability shapes community trait structure in a species-rich
dipterocarp forest

Habitat filtering and limiting similarity have been proposed as two opposing forces structuring
community memberships. Community assembly theory proposes habitat filtering as a
mechanism restricting community membership according to the ecological strategies of species
in a given environment. Limiting similarity posits that some species exclude others that are
ecologically similar.I quantified nine ecophysiological and life-history traits for 80 dipterocarp
species in the 52-ha Lambir Forest Dynamics Plot (FDP; Larﬁbir Hills National Park, Sarawak,
Malaysia). I studied forests on four soil types differing in fertility and moisture, focusing on soil

resource availabilities as environmental determinants of habitat filtering processes. I used a
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null-model approach to detect the strengths of habitat filtering and limiting similarity. I
quantified the relative contributions of soil resources (nutrients and water) to habitat filtering by
comparing the strength of habitat filtering processes (i.e. effect sizes) at the overall plot scale and
at the individual soil-type scale. I also compared the strengths of assembly processes among soil
types.Compared to a null model at micro-scale (20 x 20m), trait range and variance were
reduced for seven out of nine functional traits, suggesting the importance of habitat filtering in
the dipterocarp community. I also found a broader distribution of five traits, and more even
spacing for seven traits (20 X 20m), which is consistent with the concept of limiting similarity.
Randomisations which swapped species occurrences within soil types (i.e. null models removing
soil effects in assembly processes) were much closer to observed values and there were no
phylogenetic constraints on habitat association. Hence, soil resource availability acted as a
habitat filtering mechanism in the FDP; relative contributions to habitat filtering ranged from
35% for seed mass to 77% for relative growth rate. Furthermore, soil types apparently affected
the strengths of habitat filtering and limiting similarity.I demonstrate that soil resource
availability is a crucial determinant of habitat filtering in this species-rich tropical rainforest; the
strengths of assembly processes differed among soil types. Variation in soil resource availability
can shape the distribution of traits though community assembly processes, promoting trait

diversification and species coexistence.

Chapter 3:Nonrandom abundance distributions of a tropical rain a tropical tree
community: evidence from the patterns of traits correlation at a local scale

Community assembly theory proposes habitat filtering as a mechanism restricting community
membership according to the ecological strategies of species in a given environment. Most
studies using trait distributions are based on species presence/absence data and dose not
incorporate relative species abundance.I conducted a critical test of neutral and niche based
species abundance distribution theories based on a community aggregated trait valuesof a
dipterocarp community the in 52-ha Lambir Forest Dynamics Plot (FDP; Lambir Hills National
Park, Sarawak, Malaysia)where approximately 80 species of dipterocarp trees co-occur. I
expected the observed community mean traits weighted by abundance should be stronger than an
abundance neutral model predicted. The key assumption of this approach is that habitat filtering
leads strong correlations between community mean traits. First, [ constructed a simulation model
of community assembly to examine habitat filtering led strong correlations between community

mean traits. I found that correlations of community mean traits are generally significantly
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stronger under habitat filtering simulations than those produced by random assembly simulations.
However, two out of ten pairs of functional traits did not distinguish habitat filtering assembly
and random assembly.Then, using null model approaches, I quantified the strength of
correlations of community mean traits weighted by the actual abundance in the FDP.I found
relationship among community mean traits of dipterocarp trees were generally stronger than
expected by the random assembly and abundance neutral expectations, suggesting that habitat
filtering determines not only species membership in local communities but also species
abundance. When I restricted the analysis to adult trees, the strength of relationship among each
community mean trait was close to abundance neutral expectations and consistent with a pattern
of negative density dependence.These results suggest that: (1) highly nonrandom and
deterministic processes, namely habitat filtering and negative density dependence, shape species
abundance distribution within local communities in this species-rich tropical rain forest; and (2)
the use of simulations to validate null models is imperative before any ecological explanations

are offered to observed trait distributions.
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